Abstract. Metal oxides form part of inorganic medicines called Bhasmas, which has been used in a non-allopathic medicine system practiced in India called Ayurveda. Bhasmas may be classified under the nano medicines of ancient India. The traditional preparation methods involve time consuming and complicated preparation procedures. This paper highlights a novel ultrasound assisted technique called sonochemical synthesis of transition metal oxides in a facile, faster, inherently safer and environmentally benign (green chemistry) way which could be considered to be used for the synthesis of metal oxides such as copper oxide which form part of the copper based Ayurvedic nano medicine called tamra bhasma, which is copper in its oxide form and used therapeutically as a source of copper. The synthesis procedure outlined here could be considered for the preparation of other types of Bhasmas also.
Introduction
A chemical reaction involves the transformation of molecular bonds and the temperature and pressure required for driving chemical reactions may be supplied either directly through conventional energy sources as thermal, pressure energies or indirectly through alternate energy sources such as microwave and ultrasound energies. The ultrasound (sonochemical) technique utilizes the principle of acoustic cavitation, which involves the formation, growth and violent implosions of micro cavities inside liquids irradiated with ultrasound. These regions where implosions occur are called hotspots. The result of cavitation (due to implosion of cavities) is the facile creation of supercritical conditions of very high pressures and temperatures of about 1000 atm and 5000 K respectively along with very fast heating and cooling rates of the order of 10 12 K/sec and besides intense turbulence conditions are generated in the liquid. The supercritical conditions created by ultrasound energy is on the time-scale of nano seconds and is restricted to micro scale size regions called hot spots, ensuring inherent safety to the sonochemical processes [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Therefore the sonochemical route could emerge in a big way as an alternate route for conducting the unit operations (physical processes) and unit processes (chemical reactions) of chemical engineering in a safer and environmentally benign way [15] [16] .
The physical and chemical effects produced by ultrasound in liquids could be explored to enhance the efficiency of unit operations and unit processes which are involved in the synthesis of chemicals including medicinal compounds. Ultrasound energy could be easily applied to the various stages in the preparation of herbal medicines, such the mixing and extraction of chemicals from plants etc. Ultrasound could also be very beneficial for driving many chemical reactions involved in the preparation of both the organic herbal medicines and inorganic medicines such as Bhasmas in a facile, faster, environmentally benign and energy efficient way.
Bhasmas, which are commonly used in Ayurvedic System of medicine, may be classified under inorganic medicines. In general metal oxides based Bhasmas have been used for treating various diseases and also as preventive medicines. Bhasmas may be considered as the ancient nanomedicines of Ayurveda. Bhasmas preparation is a time-consuming and complicated process involving the purification and grinding together of a number of herbs, juices, along with metal/ metal compounds required for the making of Bhasmas. Finally the slurry obtained is calcined in a complicated procedure to get the dry powder of Bhasmas [17] [18] [19] [20] . The novel, facile and environmentally benign sonochemical technique outlined here could shorten the processing time, reduce the number of chemicals used and energy requirement leading to reduction in the cost of making the traditional Bhasmas containing the metal oxides. Consequently the use of sonochemical technique could offer a novel and an efficient alternate way to prepare the herbal medicines and Bhasmas. A novel procedure for the synthesis of palladium based metal oxides by sonication is presnted [21] .
Experimental
The synthesis procedure is very simple and requires just the green solvent water and palladium as the chemicals. When palladium salts are used as precursors, ethanol is required as the reducing agent. These two types of synthetic processes are outlined in the following figures. The synthesis could be carried out in any kind of sonication equipments such as the probe-type direct sonicator or the bathtype indirect sonicator.
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Fig.1.
The two types of synthetic schemes useful in the preparation of metal oxides [21] .
Materials: Chemicals & Equipments
A typical synthesis procedure is given below for the preparation of copper oxide [21] .
Inorganic (metal) salt precursors. The type of inorganic precursors used in the synthesis depends on the metallic oxides to be synthesized, which includes precursors with organic / inorganic ligands such as nitrates, sulphates, acetates etc. Typically for synthesizing copper oxide-copper acetate, copper nitrate and copper sulphate were successfully tried. Other chemicals required. Palladium was used either as pure metallic palladium Pd (0) or as palladium salts such as palladium acetate and palladium nitrate. Ethanol was used as the reducing agent to synthesise palladium when palladium salts were used. The sonication medium used was the green solvent water. Sonication equipments. A SONICS make 750W ultrasonic processor with 13.2 mm diameter probe operating at 20 kHz frequency was used for direct sonication. A MARK make ultrasonic bath (32 kHz) was utilized for indirect sonication. A 100 ml glass vessel was used as the batch sonochemical reactor and the air supply to this reactor was provided by an aquarium pump. Method of Synthesis of metal oxides. Preparation of Pd (0)-water slurry. Palladium [Pd (0)] was dispersed in 90 ml water to make Pdwater slurry by sonicating for about 5 mins. This simple system of Pd-water slurry irradiated with ultrasound was used for the synthesis of the transition metal oxides from their precursors such as transition metal salts. When palladium salts were used, a mixture of 20 mL ethanol and 70 mL water was used for making Pd-water slurry. Synthesis of Pd(0)-metal oxide slurry. Typically for the synthesis of CuO, copper acetate was used as the metal salt precursor. Copper acetate was added to the Pd(0)-slurry and sonication continued for the given time by the combination of indirect-sonication in a sonicator bath (32 kHz) and for direct-sonication in a sonotrode (20 kHz). Air supply was provided to the reaction mixture by using an aquarium pump. Experimental parameters such as temperature (non-isothermal operation) and pH of the slurry were measured ( Table 1 ). The experimental parameters (process conditions) used were given in Table- 1. Four parameters such as the mass ratio of palladium metal to metal salt, %amplitude, switch on & switch off time in the pulse mode of sonication, duration of sonication were varied in 4 levels. Synthesis of dry bulk metal oxides. The Pd-based metal oxides produced can be used as aqueous slurries or it can alos be dried to get the powder. A Pd-based metal oxide slurry may be centrifuged and/or heated to remove volatiles and produce the dry Pd-based metal oxide powder. Thus a green synthesis procedure using ultrasound energy has been developed for synthesising a series of palladium based mono and multi metal oxides such as Pd-
The presence of sulphur and carbon in the metal oxides was avoided by using non-sulphur, non-carbon containing metal precursors. The synthesis of Pd-based metal oxides by this sonochemical process is a novel, facile, green, faster and inherently safer process as compared to the existing processes for the synthesis of metal oxides [21] .
Characterisation of bulk metal oxides. Dry Pd-based metal oxides were characterized using SEM-EDX, XRD and DLS methods to determine the chemical composition, crystal structure, average particle size and distribution.The results of characterisation of a typical sample of Pd-CuO powder ( 
Conclusion
The characterisation of the samples by DLS revealed the formation of both nano and microparticles with average size ranging from 0.8 micron to 5.7 micron. The typical SEM micrograph for 0.8 micron size particles showed flower like repeating pattern. The EDX spectra showed the elemental composition of surface was made up of atoms of palladium, copper and oxygen. The XRD spectra confirmed the phases as palladium and copper (II) oxide. This novel sonochemical synthesis of metal oxides could be explored as an alternate way to make metal oxide based Bhasmas. Though the palladium based metal oxides may be used directly as dental materials, experiments are underway to minimize / totally eliminate the amount of palladium present with the metal oxides synthesized to be used as Bhasmas. Pure metal oxides free of palladium may be synthesised by using novel reactor designs. Further standard clinical trials are required to confirm the safety, efficacy and quality of the herbal medicines and metal oxides based Bhasmas prepared by the non-conventional method using the alternate ultrasound energy. Since the particle size plays a key role in any heterogeneous chemical reactions, the efficacy and safety of this sonochemically synthesised Bhasma with respect to particle size also have to be systematically investigated in detail.
In India metallic materials such as copper, tin, silver, gold etc. have been used as utensils for external use along with the metallic Bhasmas as internal medicines from ancient times. Now there is an urgent need for the practitioners of the modern and traditional systems of medicine to work together to standardise the synthesis procedures for the quality, safety and efficacy of these metal based medicines [23] . The humanity will benefit enormously if we could build a "Golden Triangle" between Modern Science & Technology, Modern Medicine and Ancient Medicine such as Ayurveda [24] .
